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Report No. 3926-169

Material - Finishes and Coatings - Zinc, Silver,
Chromium, Nickel Plates

Effect of Electroplated and Chemically Plated Coatings
on Strength, Corrosion, Heat Resistant and Abrasion

Resistant Properties of 4340 Steel at 280,000 to 300,000 psi
Ultimate Strength

Abstract:

The several test findings were as follows: (1) significant ultimate and
yield tensile strength losses did not result from plating; (2) rduction
of area losses ranging 7 per cent for chemical nickel to 98 per cent for
"electrolized" chromium occurred; (3) 55 and 84 p1r cent of elongation
was lost for all but electrolytic and chemical nickel plate. Baking
restored the losses found with silver plate and restored the losses ex-
perienced with zinc plating; (4) zinc plated coatings resulted in the
higher fatigue life. Post plating baking at 375*F was detrimental in
every case; (5) chemical nickel, silver, electrolytic nickel, "electro-
lyzed" chromium and zinc resisted 200, 96, 96, 48 and 48 hours, respectively,
of salt spray corrosion; and chemical nickel coating showed the greater wear
resistance.

Reference: Forney, D. M., Jr., Haney, R. J., Wise, W. E.,
"M4etallic Protective Coatings -AIb7 4340 Steel-
"280,000 PSI UTS - Static, Fatigue, Wear, Corrosion
and Heat Tests," General Dynamics/Convair Report
NP 56Z San Diego, California, 27 August 1957.(Refer attached).
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XXTRODUCTION.

Imamsnh a. the Goal p of stoolel ainratt parts bas heretofore seldom required
boat treatment to ultimate toensil strengths In *zoos@ of about 220.000 psl#
Investigations into the sacoeussul use of certain ustsllie protettir. aootings
for pants heat treated to the 280,000 ft 200.000 psi ultimate tweslle strength
ranse bs" befts for the most parst sketoIW.

In vie or the increasing uso of higha hardnes satool ad the grwing mood,
for plating data, a suarvey of the paterfozaa of several ooatings deposited 4a
high strength AIII 4340 stool wasn performed.

01330!

The object of this toot isa to evaluasto the rolatt"orformsoos or also,
slly... olootwolyis and obasooal niokol sod *oloctrollW oo a ostatIp
deposited ft AMl 4W4 tool heat treated to a asIMIna ultime"to tailo strength
of 2900.0 Palo keminatles was Made of th statlo med fatises Pr prtlos. the
oftfet or baking on these piroperties, the oorrooios ad %oral aewpoit resist-
*m and tho abrasive meaa projoat le.a

The awnl'atimo of the porfommea of alms, aleros, slostrolytl md abodea1
&14W** ed Oolotroltmod" ebheamim oootimp ft hip heaees AIR 4840 ostol was
=a"e In ter or their orrue" W. z~imowao Proportisos

I* S~~e fso Ava ka - so944 olisme obape" resultd
flrtemy laig bbe on O~OiiS jf Ibaklg aw poiteemied.

Ike!.#go jjW j:AIAM a army Platla IMy porSOA a booe
romfg f T WOM fo 4NW&Wulohe to OfW -WIne fw "as l~etralisew

ebromMma ~wme b*sg resteed theho Ism .11 olases bf aim (so rawror
tar* 04otwel;Zmoi ehemim * as bkalm is perfurneM la proesos).

$. Pwsu* inoMla on emsoerred negngban 35 to 64 Wkeo tue
all Wet a.1IlalIjeiiim4 foa1 asobl (ma re~wtimo). Sadag mestorse On
Is"so tuto& IV slkas ad ve&W the lea. surisnd with suoe tm 49 to U1

pereint (me resom torn %boeamilaW" Weal=m so bheiz portamd)
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4. FatigueStrength. - SIn coated specilme- exhibited a hibger ratipa life
At the 19.I Pa W-.05) test stress than my of the other typos teate4 u
shown In the trble below. Also illustrated is tUs tot that post-plating beking
at 37507 for 3 hours was detrimental in ery oaoes

Plating Paticue Lif, e. lo - 190.0M0 pel (3 - +.Cb) Test Oiirozz

so a* Namke

Sime M.50) 24,"00

silver 30,000 U1G600

setrolotie
liekl ",G600 18,500

caensal
]Vikol 20,750 11,750

"RlectrolaIw
chrulm 6,000 - - -

5. Salt l1s Corson £rne, 1- 0 imur mpeeze failed to edrf-
ioartly dom th hmea ikl*-- ib veirs vorresion, hop after S00
bhure with .11vew 99 hours with eleotralytie alekel wAd eoeootrollaed eshrmil
end 4 houst with sins.I

6. Abmius Wea 13Iostiet . - ?be relative abrasive er resetame, sohms
so Tabor bralm ear Too 070l04ee0 is illustrated is the follosiag tble ubie
s ha m 0e wtorial hardoele to be a tasters

coatif. sbeolml c 40 bnbftll c 41 ---

CIIIel 11d10l TOM 10,400Irl;etroeytie l vie am low

AU0 tam tO -.
8riveir useMM--

Chomums
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TO Thermal Exposure Resistance. - One hour furnace szoosu'' -!t 7300? and
10000a? resulted in an extensive deterioration or %Lne 1,1 ,. r- Zle .- ':
ather hazagl* appeared to reteir. @L_ .. ,iurb~t.a ee as luster at these
temperatures. Electrolytic andI chemical nickel &Ad selectrolised' chromium
appeared to be una~ffected althjug~i they suffered oxidation discoloratiom.

TEST SPEtCIMES AND PROCEDURESs

Five types of Metallic pro~ective coatings were doF sited on high hardiness
AISI 4340 steel* specimens for evaluation in the co-Arse of this test, namely:

(1) lime, 0.'00l + .0001" per QQ.-325. Class I
(2) Silver, 0.00&-0.3006' oer QQ-3-3S5, Type I
(3) Reaotrolytlio Niokel. 0,003 t .00010 per QQ-XI-290, Class 11
(4) Chemical NLckels 0.005 t .0001" per Convair Spec. 0-05009
(6) "Elsctrolizedo ehreumitm# 0.0004-0.0006" - &lectrolising Corp.

All post-plating baking was performedi on a 3 ho-Ar cycle at 3750? (Including
those oases where specification rerjuiresonts conflicted).

Tenusile Teots. - Stoandar..i tensile test specimens were made in accordance
with Figure 1. Blanks were out from 7/8* AISI 4340 steel round bar and rough
naalshied prior to heat treatment. Follow i.C heat treatment. an outlined balem,
the specimens weorm finish ground'

a. Normalized at 16000? for 4 hours
b. Air cooled
e. Austenitized at IS5?5? for 4 heirs
d. 0il quenched to below leOO?
o . Tomer at 4800? for I hoursUf. Air cooled

The specimen* were divided int- Cive arcuipe on for eash "y~ of eeati%?.
larrostilated. 11lf of ea~ch group was babd at 35709 for 3 hwArs follovnIt the
plating operatio. and 94w romaining hair left %bkd

the toeleil teots we-* performed in a 200,000 pcund Baideim %hiversal Testing
washine. Ultimate tessile ia- yield stroo~rth. percent reowt lam in area, %M por-
oent el~agat ion data were recorded.

e bw~p specimen* No. 17-20. Table IlI
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lFatimac Tests. - Fatillie specimetas were rough machined from 1 1,18w AlSi 434'j
steel round bar and heat treated in the ams furnace batch as the tensile soocirens
described above. The specimen were than finish machined to the requirement& of
Figure 3. Following the plating operation, halt of dach group was baked at 37607
for 3 hours and tho remaining heif left umbekedý

The axial load tests were performed in a Scomtag 10-.'J Fatiriue Maei-.ins, with a
6 to 1 load amplifier, at a =rim=. stress of L90ooO pali e-id a stress reati:;
(R) of + 0.06. A test setup is show in Figaro 3.

Corrosion Tests. - Salt spray corrosion e.ats were performied as a further
evaluation of the coatings. A portion of tho tensile specimens doscribed above
anid sha in FiSAro 1 were utilised far the tests. Half of the huked soecimes
and half of the unbaesd specimens of each plating type were subjected to a W5'
hour exposure in a salt spray booth. Prior to exposure. U0e unflated thread
section of each specimen ums coated with sTherms-4ipo (CYiaC-lO6O5O-) in Omuer
to protect It fro damage during the test. & close azemination wasj Wde o' tie,
specimens e.'ery 24 hours In order to detersmin the exposure time to the firsat
signs of vaoroeion. At thoeaonlusion of the 250 hair period, the spec lawas
wore tessile tested to evaluate &M~ cheagga in meahanisal propertisse.

A bas ys11pr est..- Toot@ were performe o a-he~ coatiew in -rJ~r t.o
determine rolatl reist~ance to wear. Two dS z 4' zlW blacks of A1S1 4340
steel mere But tt see coast ag typo? heat treated - amto Roeheell C 40 an
the ethe to hooe~U C 4? - and finish ground. The twe bloeks in weak case
were the provided with the appropriate coating and baking treatmenat.

Bonk spoeimm mes sw~mt-Ad for t~esting In a Tabor Abrasion Testing Vachice
as aboo ir igur PiS. Type CS-I? abrasion uweel Gore Aned moder a deed welthk
preload of mekilograms. huriat Me eao.se e! saah teat, the abras ioe wbeels
more redroeeeý askb 5W cyolss %W replecing 00 tost s-*Gift& with far*evervy
paper eam rnninig the meacins, 16 cloels.

Is seiem to, evaluate relative Ner, tus WAber 0!, revoist iose or V.10 abruaca -v
wheel neede to ~r tbe plating W* mp%*e the base mOtW a as determined. An
amid gealtimo cobsess to reset With "abase seel tAt rset with the piath'r (er.
at least very slowly). was applied to thm weariat ea6rfaw parsedically
a raeismte Voiald Ludloale a broakthreugh. A I to I water solutioa of r~'
said wsso with iho silwor platimg and a I to 3 vaster solution of a~tric ac'id
with the aSim, 0leetr 'lytieW endehealeal alekel l oftb "A '61tr~olise" ekreMij

0 Yield strength set determianed - .~ zaael~~r - f.l4a to s%-%jzr -'

failvre of op"Inla.

OfboePtiom being thee" %sed for eolestrolited* c%rawi-4. to this eat,** zl
rolled steol pieces so"e *soe Is smealed somilitiom - t~ests Nor* mad" t.~
pregvo at la" "doe.
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Thernal Ltpoare Tests. - Too I131 4340 steel stripe* I' x 104 x .3700, were
out for each pa 04gtypes. heat treated to Roceinl1 C 4? amd finish rrvbn4. Two

stris i eah a&* or*provided with the appropriate coating and bakinr, treataant.
4 'hi strip of eash type w~a heated for one hour in a furnace at WOOF and the re-

mining strips were heated to lOD0e7 for one hour In the furnace. The stripe were
than eitamined to determine the relative rffect of expoesre to elevated tox.,pratirts.
Fir~&re 6 abows the strips after eaposwe. Specineas No. I aM 2% are sir-- plInted
NoeS and 4, silver plated, Not. 6 wan C are coatod with electrolytic aiekele %us.
7 mad 8, chemical nickel and No@s. 9 san 10, "eleictroliaod* chrtiair.t. k~ea rnuoer.4
specimens were exposed to 10000? and. odd nambers to ?Q00F.

P_. rLTS AND DISCU:S31J~I

The results of the static tests are given in Table I and fati"u test roo.ito
an, presented in Table 11. Table III gives the abruatas wear test rosults,
Table IT the corrosion test results and Table V th~e thensul Mo~sure taist res4Li.s.

uranination of the static. test results of Tabl.e I isdi,:t *te hat no sirmir-
letart change occurred Is %he ultimate tensile strength as a resualt of plasting.
regardless of ty-ie or viether or sot biking wan perforned. L-Lesise. the yield
strength varied only about I pereeat. Thm roomction In area ezvi elonCstios
properties, an the other hodin. nore aigiificantly effected, for the most Part.
IV platiP4. T'he pereent FA for sinc plating. for instance. *uafoer-d a lz'si vd
"i persewat silver 44 percent wAi *electrolizedo ohremim " mark as 96 perceet.
The pereest eloalptioa ftr s ine coated speciasas was redseed 45 percent, for
silver. 34 percent &M~ for aeleatrolised' ebresiss, 64 paraent. Saking at 37601
tor 3 hours sueseeeied is reetorimne all losses exceptlite that experienced IV sines.
Is this *s* bas ovr. the lose of percent A was reduced to 26 percent &.*d that
of perseet elongation to 14 paerent.

keanmiatiea at Takla 11 iLlustrates tkat *Ims plate" apacusmis aahibit tea
hi#mest fatigue itro or the prup (ax the tcet strtes or ltt pasi at P *.-_
nom fattigu life at s&Ivor was only 4? rperest as qe s sine, eleetrelytic re.-sel
coly 3? per -t. se~siwal nickel. V? P-roeat and .olie ao~ only ?
vereest an toed. It as vartilcdarly insteresting to set that bebiag at $7Y fpr
3 *wwsr roeulud Is a goerail reaeatioa of tbti~goo strengtb, rveegtg op to 02
per,&snt to the eas of *%at, 241 perseet for silver. ?I .~ for 4o.:tr-iytuc
aiskel aMW 43 percent fvor chemical niek-.'lettsa. ev ero.se 6oes -It

inc lede a bekles stop.

* keeption betag thees ed MO" .lo tols. Cbrosiem - 6cid r-l~'.4 0l-01
plate sswed ia WONSI4 sedMlti.'c -Fte2t Were 'Med te fr-eG"& 4"a. IS%*
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The eorrosio test ro..ults of Taols 111 show tnat 4inmizal nicetl Plk'inq
muoceate&lly resisted oorrosi•a auring a 260 hour e*&t sprsy boo-.h exposure.
Silver resisted dim tfor 200 hours, electrolytleo nikel a"d *etetrolited"
eshvoi 94 hours and sioe 46 bourn. The subsequet'. tensile tests Of tC.

oerrosila 8eciýo indicated so apparent losn in ultimate tensile, stren.th
oeorv0d 4te to corroslon dama•e. Yield strength data were not, obtaiied - no

emte.mter ws uiso Is vie of the posIsbiliIy of prematers tilire rosul't.,!e
trmw th* corrosiom damge. Percent A said Peieant elontation data were btat•se'
fuin the eleetrolytlo sad ahinial nickel dented speoi4mus only. Taose uat show
rsther oomoluslel~y that corrosion a q-W* ot the plat-ine results vi a fairly
dretie re~ectic. is smeLama lutilixty. go noticeasle corrosion dame-s to
eabialwa nickel Coetinn 0csrrt ad. ad s Yatleo I sows. prcent ?A sam 4l-atiin
were not reduced. bgiae to electrulytic nick*' coated s5poc¢mnso om the **-%or
has&. ms ae pealed bty a loss in percent R.A. or 64 oercent and In eloWstkom
of •ap to 45 percent.

The result* or tho Lormal ezpo*re tests, escri3ed is table Y, skew"d

that am seoatintu suffer eassiterahle d4eterlarutio sit ?Waf L.z powdering at
1000F. Uhiloe lectrolytic awab emkcal nickel eomtlaes were discolor.4 (yvllowisb
at 70P sad over. so %rthor deam" was evident. In the case of 6electroliinee
exrmlmmg the cotlan lwster was seirectel at 7000 wt a blee skgculo•tikm
oeerumrd at 1O000P. No other daelte mwas evident. h~*r. The silver oestis.e
suotalad " ap•avest 44.10m anm retalied lister at both ? 0  sa low*00? as We' l1.

The "to from whi:h this *perot "a propered ers roeorl3d in Striotuars
labofrttO7 1sta I, bac go. 4.311. Paces 62 thueua U1.

aim" %Bub
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IRBLE III

WAOR ABRALSIVE WEAR TEST REStr.TS

SPECIMEN PLATING CONDITION BASE METL WEAR CYCLES AVEMkGE CYCLES
NNWBD HARDNESS

1 Re 40 3,020

2 0 a 3,275 3,14

35 ILE Re 47 3,675

4 un4,000 333.85

5 Re 40 1. 5m

6 3,000 2.250
ZINC

I Re 47 65.5

S U 36,900 6.200

9 Re 40 5,7FO t
10 *5,650 5,500

SELE. ThLTIC NICKEEL

12 Re4 2,500 .0

Re 40 . {
14 .0

COMICAL ;!1CKEL +
1isel 10, WX

if 110, 5m 10.400

1e LAL .000 1

20 6, sw S. 6.
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U BLE IV

COWSZOSION (SALT SPMAY) TEST RESULTS

PLATING TYNt MRSW=i !1 k UTU OF DVAWA AFTVXI bU htis LUPOXUi
FIRST MWAGM

CMICAL NK1LE 250 PINWUL COQRROSIOll JL1ST SIUN1III TO APMR

SILVER 200 3NLL ISOLATED ARDS Or COMOSION DUTU.QPE

FROM PI3XIOLCU

"I-IcZL AND 96 GVIERL 01flIWTIO OF SUVACE 1=
ILicTOLIZED W~D0. WT

ZIC44 PLATING AND WDR StWRC3 SVILU MO4D

-Stll op"
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"A BLE V

TEERL•'E.L EXPOSURE TEST RESULTS

PLATING TYPE EFFECT ON PLATING OF EF*'ECT 0! PLATI::G OF
700 *F - I FR 1000 F -IR

ZINiC PLATING PE-LED OFF PLATING .IECANME PO1AD.RED
EASILY - DISCOLORED AND EASY TO RT!H OFF -

DISCOLORED

SILVmER 3O DA'AGE EVIDENT SAME AS 700 OF
RETAINED LUSTER

ELECTROLYTIC HO PEELING OR OTHER SAME AS 700 *F
";ICKEL DAWGE EVIDE:T -

DISCOLORATIO!I QUITE
• 0TTC•L, . - Y•.1,LOWTSH

CH'WIICAL NO PisLIN'G OR OT!'?.-) SAVE AS 700 *F
NICKEL DA,•'1-,E EVIDEN.T -

DIr.... L .RA.TIO.. < :UITS
NOTICEA BLE; - YELL01YISH

"ELECTROLTZED" NO DAVAGE EVIDEN:T NO DAMAGE EVIDENT
CHROME RETAINED LUSTER PROMINENT DISCOLORATIO0!

PLUE

PO•iM eII¢SA
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FIG= 30. Pam0 go. THIS8 WN 30.

1 Atadrd Twmile Ipseclam so

a Read I~ uutlg ~.ap"m 3

4 3wo Corroion Teat Samples - 33
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